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Abstract. At the chiral restoration/deconfinement transition, most hadrons
undergo a Mott transition from being bound states in the confined phase to
resonances in the deconfined phase. We investigate the consequences of this
qualitative change in the hadron spectrum on final state interactions of char-
monium in hot and dense matter, and show that the Mott effect for D-mesons
leads to a critical enhancement of the J/ψ dissociation rate. Anomalous J/ψ
suppression in the NA50 experiment is discussed as well as the role of the Mott
effect for the heavy flavor kinetics in future experiments at the LHC. The status
of our calculations of hadron-hadron cross sections using the quark interchange
and chiral Lagrangian approaches is reviewed, and an Ansatz for a unification
of these schemes is given.
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1. Introduction
Charmonium states, in particular the J/ψ meson, play a key role in the experimental
search for the quark-gluon plasma (QGP) in ultrarelativistic heavy-ion collisions.
The anomalous suppression of J/ψ production found in 158 AGeV Pb-Pb collisions
at the CERN SPS by the NA50 collaboration [1] seems to be the signal of QGP
formation, as originally suggested by Matsui and Satz [2]. Since the first observation
of J/ψ suppression in nucleus-nucleus collisions by the NA38 collaboration [3] a
debate has been started whether this observation proves QGP formation or whether
it can be understood in terms of more conventional hadronic absorption mechanisms
on projectile/ target nucleons [4] and comoving hadrons formed in the collision [5,6].
So, there is a need for a refinement and extension of the experimental information
as well as for a unifying theoretical approach which can consistently account for the
complexity of the processes in high-energy hadronic collisions in a description based
on quark and gluon substructure, including aspects of the QGP phase transition.
In the present contribution we will consider the characteristic energy depen-
dence of the J/ψ dissociation cross section in collision with light hadrons in the
constituent quark model, as well as considering their dissociation into qq¯ resonances
at the chiral/deconfinement phase transition (Mott effect).
2. Quark substructure effects in meson-meson scattering
In Fig. 1 we illustrate diagrammatically the relation between (a) the quark inter-
change model (QIM) and (d) the chiral Lagrangian model (CLM) of meson-meson
scattering. Both approaches can be considered as limiting cases of a more general
chiral quark model (CQM) approach (c). After the first calculation of J/ψ dissoci-
ation due to pion and rho-meson impact within the CLM [7], several improvements
have been suggested, in particular the use of a global form factor in order to account
for the finite size of the interaction vertex [8–10]. From the point of view of the
unifying CQM [11], however, the contact terms and the meson exchange terms of
the CLM should not have identical form factors since they are composed of a dif-
ferent number of corresponding meson-quark-antiquark vertices so that the relative
importance of these subprocesses will depend on the actual parametrization [12,13].
It is unsatisfactory that these approaches depend strongly on the rather arbitrary
definition of the form factor, see Fig. 2 for a comparison. The correspondence of
CLM and QIM [14,15] results for the J/ψ dissociation cross section, Fig. 3 and Refs.
[12, 13, 16], which can be considered as a heuristic constraint on the choice of the
form factors, is yet accidental. Although the dependence of σ(s;MD1 ,MD2) on the
D-meson masses in both approaches is qualitatively similar and will be important
for our definition of the in-medium dissociation cross section, the dependence on the
size parameters Λ−1h ∝
√
〈r2〉h of the mesons predicted by the two approaches differ.
Whereas the QIM cross section approximately reproduces [14] the phenomenological
Povh-Hu¨fner law [17] σ ∝ 〈r2〉h1〈r
2〉h2 for the processes considered here, the CLM
cross section does not. This discrepancy may indicate the necessity of including
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hadronic form factors in the CLM; this possibility is currently under investigation
[18].
3. Spectral properties of mesonic states at finite T
Mesons are not elementary objects. In some models light mesons such as the ρ and
the light “σ-meson” effect can be viewed either as quark-antiquark bound states or
as resonances of the pi−pi interaction in the corresponding channel. The total spec-
tral width Γσ(T ) of the σ-meson, e.g., shows a minimum correlated with the chiral
restoration phase transition in the phase diagram of strongly interacting matter
[19] since the hadronic decay width Γσ→2pi is already negligible but the decay width
Γσ→qq¯ is still small. The transition from a bound state with vanishing decay width
(infinite lifetime) to a resonance in the continuum of unbound states is called the
Mott transition [20] and can be described by the behaviour of the spectral function
Ah(s;T ) =
1
N
Γh(T ) Mh(T )
[s−M2h(T )]
2 + Γ2h(T ) M
2
h(T )
, (1)
where Γh(T ) andMh(T ) are the temperature dependent width and mass parameter
of the hadron h. An introduction into critical phenomena related to the Mott
transition for mesons at the chiral/ deconfinement transition within the NJL model
for quark matter can be found in [21]. It has been found within this model that the
Mott transition temperature for D mesons almost coincides with that for pi and K
mesons [22]. In order to obtain the parameters of the spectral function (1) for the
light and charmmesons, we use a modified NJL model with infrared confinement (no
unphysical quark production thresholds) [23], see Fig. 4, and compare to a fit with
linear T -dependence of mass and width [24] above the Mott temperature. In the
following, we investigate the consequences of the meson Mott effect for charmonium
production.
4. Reaction rates for charmonium dissociation
The inverse lifetime of a charmonium state due to collisions with light hadrons
h = pi, ρ is given by τ−1 = τ−1pi + τ
−1
ρ with [24]
τ−1h (T ) =
∫
d3p
(2pi)3
∫
ds′Ah(s
′;T )fh(p, s
′;T )jh(p, s
′)σ∗h(s;T )
= 〈σ∗hv〉nh(T ) , (2)
where fh(p, s
′;T ) is the Bose distribution function with the energy argumentE(p, s′) =√
p2 + s′, jh(p, s) is the flux factor for (cc¯)-h collisions, and σ
∗
h(s;T ) is the in-
medium dissociation cross section
σ∗h(s;T ) =
∫
ds1 ds2 AD1(s1;T )AD2(s2;T ) σh(s; s1, s2) , (3)
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which is displayed in Fig. 5 for the spectral function fit of Ref. [24] as well as
modified NJL model result of Fig. 4 (for h = pi we omit the subscript). In both
cases the Mott effect for the D-meson final states entails a lowering of the threshold
for the dissociation process. In Fig. 6 we show that the D-meson Mott effect
leads to a strong enhancement in the thermal averaged dissociation cross section,
i.e. in the inverse lifetime of the J/ψ, which is quite sensitive to the details of the
temperature dependence of the D-meson spectral function. This effect could be a
key to understanding the physical mechanism of anomalous J/ψ suppression [1] and
fast chemical equilibration [25] in the CERN NA50 experiment. The role of the Mott
effect in the D-D¯ recombination rate (D-D¯ fusion) merits further investigation.
5. Discussion of other processes
In the QGP (and in the mixed phase), due to the presence of quasifree quarks
and gluons, new channels for charmonium formation and dissociation exist which
could drive chemical equilibration during the existence of the fireball formed in
the heavy-ion collision. This possibility has been considered within the statistical
hadronization approach [25,26] and seems to give appreciable contributions to J/ψ
production even under SPS conditions [27]. A satisfactory description of the ψ′/ψ
ratio however requires an increase in the ψ′ dissociation rate, perhaps due to medium
modification of the D-meson threshold [27] as provided for example by the Mott-
effect scenario in the present approach [24]. The role of partonic in-medium effects in
charmonium kinetics in a QGP, which has previously been discussed in the string-
flip model of quark matter in the form of a modified mass action law [28] and
dissociation rate [29], should be reconsidered. We anticipate that rate coefficients
for the ionization and recombination of charm mesons could be described using an
approach similar to methods used previously to study Coulomb plasmas [20, 30].
6. Conclusions
A detailed description of quark substructure and qq¯ wavefunctions is is essential for
the understanding of the behaviour of meson-meson cross sections in the vacuum as
well as modifications in dense matter. We have shown that due to the Mott effect for
D-mesons at the QGP phase transition a reduction of the threshold for charmonium
dissociation occurs, which leads to a strong enhancement in the dissociation rate
and a drop in the J/ψ lifetime. Important features of this approach are the off-
mass-shell behaviour of the charmonium dissociation cross section and the hadronic
spectral function, which we calculate using a modified NJL model. The approximate
agreement in scale we find between the CLM and QIM dissociation cross sections
must be considered something of an accident, since the QIM model cross section
varies roughly according to the Povh-Hu¨fner law for these processes, whereas the
CLM does not. A unifying microscopic approach at the quark-gluon level can
hopefully be developed which will lead to additional insight into the use of charm
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(and bottom) production in heavy ion collisions as a diagnostic tool for hot and
dense matter.
Acknowledgements
We are grateful to many colleagues for their discussions, in particular to P.-B.
Gossiaux, J. Hu¨fner, C.-M. Ko, S.H. Lee, Y. Oh, P. Petreczky, A. Polleri, R. Rapp
and C.Y. Wong. The work of Yu.K. and G.B has been supported by DFG; D.B.
and G.B. acknowledge support by DAAD for their visits at Oak Ridge National
Laboratory and at the University of Tennessee at Knoxville. T.B. and E.S.S. have
been supported in part by NSF grant No. INT-0004089, and acknowledge the kind
hospitality of the University of Rostock. D.B. thanks the organizers of the Workshop
for creating this wonderful meeting.
References
1. M. C. Abreu et al. (NA50 Collab.), Phys. Lett. B 477 (2000) 28.
2. T. Matsui and H. Satz, Phys. Lett. B 178 (1986) 416.
3. M. C. Abreu et al. (NA38 Collab.), Z. Phys. C 38 (1988) 117.
4. C. Gerschel and J. Hu¨fner, Phys. Lett. B 207 (1988) 253.
5. R. Vogt, M. Prakash, P. Koch and T. H. Hansson, Phys. Lett. B 207 (1988)
263.
6. S. Gavin, M. Gyulassy and A. D. Jackson, Phys. Lett. B 207 (1988) 257.
7. S. G. Matinyan and B. Mu¨ller, Phys. Rev. C 58 (1998) 2994.
8. Z. Lin and C. M. Ko, Phys. Rev. C 62 (2000) 034903.
9. K. L. Haglin and C. Gale, Phys. Rev. C 63 (2001) 065201.
10. Y. Oh, T. Song and S. H. Lee, Phys. Rev. C 63 (2001) 034901.
11. D. B. Blaschke, G. R. G. Burau, M. A. Ivanov, Y. L. Kalinovsky, and
P. C. Tandy, in: Progress in Nonequilibrium Green Functions, Ed. M. Bonitz,
World Scientific, Singapore, 2000, p. 392; [arXiv:hep-ph/0002047].
12. V. V. Ivanov, Yu. L. Kalinovsky, D. Blaschke and G. Burau,
[arXiv:hep-ph/0112354].
13. D. Blaschke, G. Burau, Yu. Kalinovsky and T. Barnes, J. Phys. G 28 (2002)
1959; [arXiv:hep-ph/0112362].
14. K. Martins, D. Blaschke, and E. Quack, Phys. Rev. C 51 (1995) 2723.
15. C.-Y. Wong, E. Swanson, and T. Barnes, Phys. Rev. C 62 (2000) 045201.
16. Y. Oh, T. Song, S. H. Lee and C.-Y. Wong, [arXiv:nucl-th/0205065].
17. B. Povh and J. Hu¨fner, Phys. Lett. B 245 (1990) 653.
18. D. Blaschke, G. Burau, Yu. Kalinovsky and E.Swanson, work in progress
(2002).
19. E. A. Kuraev, M. K. Volkov, D. Blaschke, G. Ro¨pke and S. Schmidt, Phys.
Lett. B 424 (1998) 235.
20. R. Redmer, Phys. Rep. 282 (1997) 35.
6 D. Blaschke et al.
21. J. Hu¨fner, S.P. Klevansky and P. Rehberg, Nucl. Phys. A 606 (1996) 260.
22. F. O. Gottfried and S. P. Klevansky, Phys. Lett. B 286 (1992) 221.
23. D. Blaschke, G. Burau, M. K. Volkov and V. L. Yudichev, Eur. Phys. J. A 11
(2001) 319 [arXiv:hep-ph/0107126].
24. G. R. G. Burau, D. B. Blaschke, and Y. L. Kalinovsky, Phys. Lett. B 506
(2001) 297.
25. P. Braun-Munzinger and J. Stachel, Phys. Lett. B (2000) 196.
26. M. I. Gorenstein, A. P. Kostyuk, H. Sto¨cker and W. Greiner, Phys. Lett. B
509 (2001) 277.
27. L. Grandchamp and R. Rapp, Nucl. Phys. A 709 (2002) 415;
[arXiv:hep-ph/0205305].
28. G. Ro¨pke, D. Blaschke, and H. Schulz, Phys. Lett. B 202 (1988) 479.
29. G. Ro¨pke, D. Blaschke, and H. Schulz, Phys. Rev. D 38 (1988) 3589.
30. Th. Bornath and M. Schlanges Physica A 196 (1993) 427.
Hadronic Spectral Function ... 7
TR
A
N
SF
ER
 I
TR
A
N
SF
ER
 II
C
A
PT
U
R
E
(c)(a) (d)(b)
Fig. 1. Diagrammatic scheme of the relation between the quark interchange
model (a) and the chiral Lagrangian approach (d) of meson-meson scattering.
Both approaches can be viewed as limits of a more general chiral quark model
approach (c). The transition (c) → (d) is a local limit in which the meson-
quark-antiquark vertices are replaced by coupling constants and the momentum
dependence of the quark propagators is dropped. The transition (c) → (a) is for
the two lower lines (transfer diagrams) a replacement of the meson propagator
by a single interaction (1st Born approximation) and for the first line (capture
diagram) a first iteration of the meson-quark-antiquark vertex function using the
Bethe-Salpeter equation.
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Fig. 2. Cross section for charmonium dissociation in the chiral Lagrangian ap-
proch with mesonic form factors [12] compared to the global form factors of Refs.
[8, 9].
Hadronic Spectral Function ... 9
3,9 4 4,1 4,2 4,3
√s  [GeV]
0
0,05
0,1
0,15
0,2
0,25
0,3
σ
 
 
[m
b]
chiral Lagrangian - Meson FF (set II)
nonrelativistic quark model - averaged
nonrelativistic quark model - prior
nonrelativistic quark model - post
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Fig. 3. Comparison of cross sections for chiral Lagrangian model with mesonic
form factors [12] and quark interchange model [15].
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Fig. 4. D-meson mass and width at finite temperature from the NJL model with
infrared cutoff of Ref. [23].
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Fig. 5. In-medium cross section for J/ψ+pi → D+D¯∗ with the spectral function
from [24] (upper plot) and from [23] (lower plot).
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Fig. 6. Thermal average of the J/ψ dissociation cross section without Mott effect
for the D- mesons (dashed line), with Mott effect and spectral function of Ref.
[24] (dash-dotted line), and of Ref. [23] (solid line).
